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SCOOP-TYPErNLm AT MACEmmw FROMo TO 1.3

By GeorgeB. Brajnikoff andJohnF. Stroud

SUMMARY

As a partofan investigationofvariable-areaauxiliaryinlets
intendedtoprovideforthevariationof engineairrequirementswith
speedandaltitude,threeauxilisryscoopinletsweretestedincombi-
nationwitha noseinletatMachnumbersfromO to 1.3 at zeroangleof
attack.Theseauxiliaryinletshadinletexeasequalto 12percentof
themain-inletarea. Twovaluesof scoopwidth-to-heightratiowere
investigatedforinletswithsharplips,anda thirdmodelwastested.
withroundedlips. Comparisonwiththeresultsofa preliminaryinves-
tigationindicatesthatgainsofabout7 percentintheeffective-thrust

* ratiowereattainedat a Machnuniberof 1.1by reducingthescoopwidth-
to-heightratiofrom13.4to2.4.

INTRODUCTION

Somemethodofprovidingturbojetengineswiththevaryingquantities
ofairtheyrequireovera rangeof flightconditionshasbeenfoundto
be necessaryinordertomaintaina highlevelofthrust(refs.1 and2).
Onesimplemethodof satisfyingthesevaryingrequirementshasbeeninves-
tigatedandreportedinreference2; inthispreliminaryinvestigation,
a variable-areascoop-typeauxiliaryinletof largewidth-to-heightratio
wastested.Substazitialgainsin effectivethrust,relativeto a fixed-
areainlet,werecalculatedtobe attainablewiththepreliminarydesign
overa largeportionofthespeedrangefrom0.77to 1.30Machnumber.
Thepreliminarytestsindicatedthattheperformanceoftheauxiliary
scoopwasprobablyl~itedby thebodyboundarylayeranda largeflaw
turningangleattheouterlip. Itwassuggestedinreference2 that. furthergainsinthrustmightbe attainedbyreducingthewidth-to-height

.
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ratioof theauxiliaryscoopsndmorenearly&Liningthelipswiththe
localflowdirection.It isthepurposeof thepresentinvestigation
to estab~ishtheimportanceofthewidth-to-heightratioandthelip
alinementsndto indicatethegainspossiblewiththesedesignrefine-
ments.
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NOTATION

cross-sectionalductarea,sqft
Fi-D

effective-thrustratio,— , dimensionless
Fs

distanceof survey-raketubefrombottomofmainduct,in.

.

●

—

drag,(PV- PO)[(A1+ Ala)- ~]j lb

internalthrust,lb (seeref.1)

internalthrustbasedon isentropictotal-pressurerecovery,
lb

totalpressure,lb/sqft,absolute -.

Machnumber,dimensionless .
mass-flowrate,PVA,slugs/see

mass-flowratebasedontotalinletarea,PoV@T,slugs/see

mass-flowratethroughtotalinletareaatuniformsonic
velocitywithfree-stresmtotalpressure,p*V*~,slugs/see

staticpressure,lb/sqft,absolute

velocity,ft~sec —

auxiliary-inlet-flapwidth,in.

stationdownstreamofmain-ductentrance,in.

massdensity,slugs/cuft
.

.
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Subscripts

a

T

w

o

1

la

2

9

4

!5

*

auxiliary

total

conditionsJustdownstreamofnormalshockwave

freestresm

main-inlet-entraucestation

auxiliary-inletentrance

outletstationofauxiliaryduct

diffuser-exitandsurvey-rakestation

upstresmmass-flowmeasurementstation

downstreammass-flow-measurementstation

sonicconditions

APPARATUSANDTESTS

ThetestswereconductedintheAmes2- by2-foottransonicwind
tunnel.A descriptionoftheequipment,testmethods,andaccuracyts
presentedinreference2. TheMachnumbersofthetestswereO, 0.20,
0.77>0.95j 1.13, and1.303at thehighestMachnumbertheReynolds
numberbasedonthemain-inletdiameterwasapproximately1/2million.

.

Threeauxiliary-inletconfigurationsweretestedwitha conventional
normal-shockinlet(seefig.1). Twoof theinletshada frontal.aspect
ratio(width-to-heightratio)of2.4,whiletheaspectratioof thethird
inletwas13.4. Thelower-aspect-ratioinletsdifferedintworespects:
Onehada constautinternalcross-sectionalaxeafora distanceofabout
oneductheightdownstreamof thesharp-lipentrance;theotherwasmade
fromthefirstby cuttingofftheexternalductwallsoftheconstant-
sreasectionsndroundingtheresultantlipsto a semicircleapproximately
0.027inchindiameter.WithintheMachnumberrengeofthisinvestiga-
tion,theflowconditionsathigherspeedswereconsideredmorecritical
thanthoseat lowerspeeds;forthisreason,theauxiliary-inletaxea
usedinthepresenthvestigationwassetto equalX2percentof themain-
inletaxea,andno othervalueswereinvestigated.
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It should
wedgeangleof
aUXiliUyduct

bepointedoutthatinthisinvestigation,theincluded
thelipsoftheauxiliaryinletswasonly4°andthatthe

.

wallswereslinedwiththe10C6J.flowdirection;asa
result,theflowturningangleat theinletstatimwasreducedroughly
l~”frcmthatofreference2.

.
Thehigh-aspect-ratioinlethadthesame

frontslldimensionsas theinletofthepreliminaryinvestigation,butthe
ductwasapproximately35percentshorter.Thelow-aspect-ratioinlet
havingsharplipsanda constmt-sreasectionhadthessmeductlength
as theinletofthepreliminaryinvestigation.Allthreeauxiliaryducts
hadconstantratesofareaincreasewithlengthin thedivergingsections.

Thequantitiesmeasuredduringthetestswerethestaticpressures
at stations0, 3, 4, and5 andthetotal.pressuresat stationsO snd3.
Sincethetotal-pressurerakeat station3 didnotprovidea complete
surveyof theflowfield>itsreadingswereusedonlyfordetermtiing
thetotal-pressureprofilesintheverticalmidplaneat thatstation.
Thetotal-pressureratiosl&/~ presentedinthisreportwerecalcu-
latedby theuseofthecontinuityofmassrelationin conjunctionwith
thestaticpressuresandflowareasat stations4 snd5.

RESULTSANDDISCUSSION

Thevariationofthetotal-pressureratioat station4 withmass-
flowratiolfortheinletstestedarepresentedinfigure2, together

.

withdataofreference2 forcomparison.Total-pressureprofilesinthe
verticalmidplaneoftheductat station3 forthelow-aspect-ratioifiet .
withsharplipsatMachnumbersof0.77,0.95, and1.13aregivenin
figure3; similardatafora high-aspect-ratioinletaregivenin
reference2.

Theeffectofreducingthefxontalaspectratioisto increasethe
total-pressurerecoveryatthehtghermass-flowratios(seefig.2).
ThisincreasewasmaintainedovertherangeoftestMachnumbers.At
Machnumbersbelow1.3therecoverywiththeauxiliaryinletapproached
therecoveryofthemaininlet.However,at ~ = 1.3 therecoverywas
3 to5 percentlower(seefig.2(f)).At mass-flowratioslessthan
about0.8andatMachnumbersof0.95andabove,thetotdl-pressure

%he mass-flowratios~/~* and E#%o, forsubsonicandsupersonic

speeds,respectively,havebeenemployedto facilitatecomparisonsof
theair-induction-systemcharacteristicsatvariousauxiliary-inlet
openings.Theratiom#~* isthetotalactualmassflowdividedby

thetotalmass flowwhentheairopeningsme choked;theratio~/~. ~

isthetotalactualmassflowdividedbythemasswhichwouldflowin
thefreestreamthroughan areaequalto thetotalinletarea. -
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recoveryfortheh@h-aspect-ratioinletwasslightly
of thelow-aspect-ratioinlet.Thisfactis contrary
andthereasonforit isnotunderstood...

.

5

higherthanthat
to expectations,

Theeffectsofali.ningtheouterlipwiththelocalflowdirection
andof shorteningtheauxiliarydiffuserareshownby thetotal-pressure
recoveryat ~ = 1.3,plottedin figure2(f)forthe13.k-aspect-ratio
inlets.Inthehigh-mass-flow-ratiorange,thetotal-pressurerecovery
of theinletusedinthepresentinvestigationis2 to 4 percenthigher
thanthatof thepreliminarymodel.At Machnumberslessthen1.3,the
differenceinrecoverieswasnegligible.

Theeffectsofroundingthelipsoftheauxiliaryinletandelimin-
ating theconstant-areasectionweresmallatMachnumbersofO and1.3
(seefigs.2(a)and2(f))andmoderateatO.2(fig.2(b)).At theother
testMachnumberstheeffectswerenegligibleandarenotshownin the
figuresforthatreason.

It isreasonableto expecttheforegoingeffectsto applyqualita-
tivelyinthecaseof ductsystemsinwhichotherinlet-=earatiossxe
used.Analysisof thedatasuggeststhatfurther@?rovementsinper-
formemceoftheauxiliaryinletstestedmaybe expectedmainlythrough
a reductionofboundary-l~ereffects.Thetwoobviousmethodsappesr
to be: (1)furtherreductionofthefrontalaspectratio,and(2)control
orremovalof theboundarylayer.Thefirstmethodappearstobe imprac-
ticalbecauseofthelargeslopeof theouterauxiliary-ductwall. Pos-
sibleimprovementswiththeuseof thesecondmethod,thatiE,boundary-
layerremoval.,caabe estimatedfromthedatapublishedinreference3.

Theeffectof theimprovementsinpressurerecoveryandmass-flow
ratiorelativeto theresultsreportedinreference2 areshownin
fiWe 4 in termsof an effective-thrustratio(CF)foran altitudeof
35,000’”feet.Theveluesof theeffective-thrustratiowereobtainedby “
themethodsofreference1 =d by assumingtheturbo~etengineof the
propulsionsystemtohaveair-flowendthrustcharacteristicssimilarto
thoseoftheJ-57-Pienginewhenoperatingatnormalratedpower.The
uppermostcurveinfigure4 Is thatwhichwouldbe obtainedifthemain-
inletareawerecontinuouslyvariablewithMachnumberasrequiredfor
theoptimumperformance.me lowestline(at ~ = 0.8)infigure4 indi-
catesthevaluesof ~ thatwouldbe obtainedwithoutan auxilieryinlet
withthemsdn-inletareafixedatthedesi~ valuefor ~ = 1.3 andan
tititudeof 35,000feet. Thermaininglinesshowtheeffective-thrust
ratiosattainablewiththeauxiliaryinletstestedwhenthetotalinlet
areais112percentof thedesignvalue.Thedecreasesin CF below
thoseforbestoperationat thehigherMachnumberseredueto airspill-

. age,andthedecreasesatlowerMachnumbersaredueto insufficient
inletaxea.A veriableauxiliaryopeningwhichwouldbe closedat a Mach
numberof1.3, ope~12percentat a Machnumberof1.1,W 24 percent. openat a Machnumberof0.9(ref.2)wouldhavethebestpossible

.
-t
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effectivethrustat the
oftheopttiumat other

maximumMachnumberandwouldbewithin2 percent
high-speedflightconditions.Furthermore,still

largerauxiliary-inletopeningscanprovide
ante.

CONCLUSIONS

Scoop-typeauxiliaryinletswithinlet

improvedlow-speedperform-

areasequalto X2percent.
ofthemain-inletareaweretestedin combinationwitha conventional
normal-shockinletintherangeofMachnumbersfromO to1.3. Thefol-
lowingconclusionsweredrawnfromthetestdataofthisandofthepre-
liminaryinvestigationandfroman evaluationoftheresultsinterms
ofan effective-thrustratio:

1. Theeffective-thrustratioattainableat a Machnumberof 1.1
withtheauxiliaryinlethavinga width-to-heightratioof2.4was
within2 percentofthatpossiblewiththemaininletalone,andwas
about7 percentgreaterthanthatattainedwiththeauxiliaryinlethav-
inga width-to-heightratioof 13.4.

2. Theeffectofalteringtheouterlipangletoapproachmore
nearlythelocalflowdirectionwassmallatMachnuuibersbelow1.3. At
Mach&miber1.3 a gain intotal-pressureratioof from2 to 4
wasobserved.

3. Theeffectsontotal-pressurerecweryofa moderate
liproundnesszmdofa constant-areasectionintheauxiliary

percent

salountof
inletwere

.

.

smallatallMachnumbers.

AmesAeronauticalLaboratory
NationalAdviso~Committee

MoffettField,Cal-if.,
forAeronautics
MW28, 1953
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Basic duct dimensions
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Q ti=~.7Z mr~mo ‘1.~05, ~4/Ho =0.948
~ M.=0.95, mrjq =L075, H,/Ho =0.942
@ M.= 1.13, mTJmo=L065, H4JHO= 0.940

TOPof duct

of duct

Total-pressure rotio$ fij/lto

Figure 3.- Total-pressure profiles at wkation 15.4,for AU /A1 = O.M, 2.4-aapect-r.9tioauxiliary
inlet with sharp lips at 0.77, 0.95, and 1.13 Mach numbers. G
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